ØØ81Ø-6xMON-ØØ6Ø3-6
(1507x59122x-MON810xNK603) was produced by conventional breeding methods to provide a combination of in planta insect resistance and herbicide tolerance. The expressed Cry1F protein from event DAS-Ø15Ø7-1 confers resistance to such pests as the fall armyworm (Spodoptera frugiperda), corn earworm (Helicoverpa zea), Southwestern corn borer (Diatraea grandiosella [Dyar] ), European corn borer (Ostrinia nubilalis), and Western bean cutworm (Striacosta albicosta [Smith] ) [4] [5] [6] . The Cry34Ab1 and Cry35Ab1 proteins expressed from event DAS-59122-7 constitute an active insecticidal crystal protein that confers resistance to such coleopteran pests [7, 8] as Western corn rootworm (Diabrotica virgifera virgifera). Event MON-ØØ81Ø-6 expresses the Cry1Ab protein, which confers resistance to certain lepidopteran pests [9] , including European corn borer (O. nubilalis). Herbicide tolerance is provided through the expressed phosphinothricin acetyltransferase (PAT) protein from events DAS-Ø15Ø7-1 and DAS-59122-7, which confers tolerance to the herbicidal active ingredient glufosinateammonium, and through the 5-enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) protein expressed from event MON-ØØ6Ø3-6, which confers tolerance to herbicides containing glyphosate as the active ingredient.
In previous work with broilers fed diets formulated with corn grain from individual events DAS-Ø15Ø7-1 [10] , MON-ØØ6Ø3- 6 [11], MON-ØØ81Ø-6 [12] , and DAS-59122-7 [13] , it was demonstrated that there were no differences in nutritional performance and carcass variables between broilers consuming diets formulated with grains from those events and broilers fed diets containing nontransgenic grains. Compositional evaluation of stacked-trait products is recommended to determine whether there are any unintended effects on nutrient composition and nutrient digestibility caused by combining the individual events, and a poultry feeding trial may be used to determine nutritional equivalence [14] . The objective of this study was to evaluate the nutritional performance of broilers fed diets formulated with corn grain from stacked-trait product 1507x59122x-MON810xNK603 by comparing growth performance (as measured by BW and FE), organ yields, and carcass parts yields with those of broilers fed diets containing nontransgenic near-isogenic control corn grain.
MATERIALS AND METHODS

Corn Grain Characterization and Composition Analysis
All corn sources were grown by Pio Pioneer brand hybrids 33H25, 33M15, and 33D11 were included as reference corn grain sources. The control and reference corn plants were produced in plots located 201 m from the 1507x59122xMON810xNK603 plots to avoid cross-pollination. Neither the control nor reference corn plants were sprayed with glyphosate or glufosinate herbicides. The nontransgenic near-isogenic control was included to evaluate the effect of the gene additions, whereas the reference corn grains were included to estimate the expected response range of broilers obtained from the same supplier and exposed to the same conditions as broilers fed the control, 1507x59122xMON810xNK603, or 1507x59122xMON810xNK603(S) diet.
Duplicate samples of each corn source were submitted for proximate, mineral (calcium and phosphorous), and mycotoxin analysis [18] ; amino acid analysis [19] ; and gross energy analysis [15] . The presence of individual events DAS-Ø15Ø7-1, DAS-59122-7, MON-ØØ81Ø-6, and MON-ØØ6Ø3-6 in the test corn grains and their absence from the control and reference corn grains was confirmed by using event-specific qualitative polymerase chain reaction analysis [20] , and all corn grains were evaluated by enzyme-linked immunosorbent assay (ELISA) for transgenic protein expression levels [15] . 
Birds and Housing
Diet Preparation
Mash-type diets were offered for ad libitum consumption in the starter (d 0 to 21), grower (d 22 to 35) , and finisher (d 36 to 42) phases. Each phase diet was formulated to meet the nutrient requirements of a typical commercial broiler diet, using the NRC requirements [22] as a guideline within each phase. Corn grains were added to the indicated diets in equal amounts within each phase. Essential (protein, lysine, methionine, cystine, calcium, and phosphorus) nutrient requirements were met and equalized within each phase by adjusting the concentrations of noncorn ingredients. All diets were formulated to the same ME level (starter diets, 3,135 kcal of ME/kg; grower diets, 3,164 kcal of ME/kg; and finisher diets, 3,186 kcal of ME/kg); noncorn energy sources were allowed to float to equalize the ME level within each phase. No type of medication was administered during the entire feeding period. Diet samples were analyzed for proximates, minerals, amino acids, and gross energy [15, 18, 19] . All diets 2 ME values calculated for corn grain using conversion factors based on internal Pioneer Hi-Bred (Johnston, IA) data.
were also evaluated for transgenic protein expression and homogeneity by ELISA [15], using samples collected at the beginning, middle, and end of each diet production. The stability of the expressed transgenic proteins over the duration of each respective feeding phase was evaluated by using ELISA [15] on samples collected from the 1507x59122xMON810xNK603 and 1507x59122xMON810xNK603(S) diets at the beginning and end of each diet phase.
Performance and Carcass Measures
Body weights and feed weights (including amount of feed added and amount remaining) were determined every 7 d to calculate BW gain, feed intake, and mortality-corrected feed:gain ratio (FE) for d 0 through 42. All surviving birds were euthanized on study d 42, and carcass, organ, and carcass parts yield data were collected from 4 males and 4 females per pen. 
Statistical Analysis
The 2 comparisons of interest in this study were the control vs. 1507x59122x-MON810xNK603 and the control vs. 1507x59122xMON810xNK603(S). Data were analyzed using a mixed-model ANOVA [23, 24] . The false discovery rate was applied across all response variables analyzed to control the false positive rate [25] . The false discovery rateadjusted P-value was reviewed if a statistically significant difference (P < 0.05) was observed for a trait. Reference group data were used in the mixed model analysis to improve the estimation of experimental variability for each trait with means generated for each reference group, but comparisons between individual reference groups and the control, 1507x59122x-MON810xNK603, or 1507x59122xMON810 xNK603(S) group were not performed. Reference group data were primarily used to construct a tolerance interval containing 99% of the ob- . These commercial hybrid-based tolerance intervals were a supplement to the statistical comparisons, with their purpose being to estimate the expected response range of broilers obtained from the same supplier and exposed to the same conditions as broilers fed the nearisoline control or test corn diet. Data from the control, 1507x59122xMON810xNK603, and 1507x59122xMON810xNK603(S) groups were evaluated to determine whether the observed values were contained within the tolerance interval, and those observed values within the tolerance interval were considered similar to feeding nontransgenic corn grain. Organ and carcass Lower and upper limits of a 95% tolerance interval on 99% of the observed performance, organ yield, and postchill carcass and parts yield trait values from birds fed 33H25, 33M15, and 33D11 reference corn diets. 6 Commercial corn least squares means included for reference purposes only. The comparisons of interest were 1) control vs. 1507x59122xMON810xNK603 and 2) control vs. 1507x59122xMON810xNK603(S).
7 P-value adjusted using the false discovery rate (FDR). 8 Nonadjusted P-value. 9 FE was calculated as grams of feed intake per gram of BW gain and was adjusted for mortality. tolerance intervals were created by sex because of the expected yield differences between male and female broilers.
RESULTS AND DISCUSSION
Corn Grain Characterization and Composition
The presence of the individual DAS-Ø15Ø7-1, DAS-59122-7, MON-ØØ81Ø-6, and MON-ØØ6Ø3-6 events in the 1507x59122xMON810xNK603 and 1507x-59122xMON810xNK603(S) corn grains, and their absence from the control and reference corn grains, was confirmed with event-specific real-time polymerase chain reaction testing. Expression of Cry1F (3.9 and 3.0 ng/mg of grain, respectively), Cry34Ab1 (29 and 23 ng/ mg of grain, respectively), Cry35Ab1 (0.62 and 0.84 ng/mg grain, respectively), PAT (0.10 and 0.09 ng/mg grain, respectively), Cry1Ab (0.23 and 0.29 ng/mg grain, respectively), and CP4 EPSPS (5.0 and 12 ng/mg grain, respectively) proteins in the 1507x59122xMON810xNK603 and 1507x59122xMON810xNK603(S) corn grains, and their absence from all other corn sources, was confirmed by ELISA analysis. Analyzed nutrient values of the control, 1507x59122xMON810xNK603, and 1507x59122xMON810xNK603(S) corn grains were similar in composition to each other and to the reference corn grains (Table 1) . Additionally, nutrient values of all corn grains used in this trial fell within the ranges of conventionally bred precommercial and commercial corn produced from controlled field trials in the United States [27] . All grain sources were considered suitable for the production of commercial-type broiler diets because no differences in key nutrients that would have affected inclusion rates were observed between the corn grains. The presence of mycotoxins in the corn grains was limited to fumonisin B 1 (control, 1507x59122x-MON810xNK603, 33H25, and 33M15 grains) and deoxynivalenol (control and reference grains), which were found at very low (<1 mg/ kg) concentrations. The limited presence of fumonisins and deoxynivalenol in the corn sources was not a concern because diet production resulted in further dilution of the concentrations to well below guidelines [28] for dietary total fumonisins (fumonisin B 1 + fumonisin B 2 + fumonisin B 3 ) or deoxynivalenol (50 and 5 mg/kg, respectively) when included up to the maximum corn inclusion level (finisher phase, 74%).
Diet Characterization and Composition
The absence of Cry1F, Cry34Ab1, Cry35Ab1, PAT, Cry1Ab, and CP4 EPSPS proteins from the diets produced with control or reference grains and the presence of all expressed transgenic proteins in the diets produced with 1507x59122xMON810xNK603 and 1507x59122xMON810xNK603(S) grains were confirmed with ELISA analysis of diet samples collected for homogeneity evaluation (data not shown). The diets produced with each corn grain were blended homogeneously and the expressed proteins were stable for the duration of the respective feeding phases (data not shown). Starter, grower, and finisher diets produced using grain from individual corn sources were all similar in analyzed proximate, gross energy, and amino acid concentrations in each feeding phase (Tables 2, 3 , and 4).
Performance and Carcass Response Variables
Nutritional equivalency studies have long been conducted using broiler chickens because they are a rapidly growing species whose diet typically contains a high concentration of corn grain, and because BW gain and mortality are sensitive indicators of changes in the nutritional quality of their diet [29] . Body weight, BW gain, mortality, and mortality-adjusted FE (Table 5) did not differ between broilers fed the control diet and broilers fed the 1507x59122xMON810x NK603 or 1507x59122xMON810xNK603(S) diets. Further, all growth performance values for broilers fed the control, 1507x59122xMON810x NK603, or 1507x59122xMON810xNK603(S) diet fell within the tolerance intervals calculated from broilers consuming the commercial reference diets (33H25, 33M15, and 33D11). No statistically significant differences were observed for organ, carcass, or individual parts yields between the control and 1507x59122xMON810xNK603 or 1507x59122xMON810xNK603(S) groups (Table 5) . Additionally, all observed organ, carcass, and parts yield values fell within the calculated tolerance intervals. Therefore, organ, carcass, and parts yields of broilers fed the control, 1507x59122xMON810xNK603, or 1507x59122xMON810xNK603(S) diet were similar to those of broilers fed the nontransgenic diets prepared with commercial reference corn grains.
These results are consistent with previous broiler feeding trials conducted with grain from transgenic stacked-trait corn plants [11, 12, [30] [31] [32] [33] , which demonstrated similar growth performance and carcass yields between groups of broilers fed diets with transgenic grain or nontransgenic near-isogenic control grain. The results of the sprayed corn group 1507x59122xMON810xNK603(S) are also consistent with those of previous studies [34, 35] , in which no difference was found in performance measures or carcass yields between broiler fed diets containing nontransgenic near-isogenic corn grain or transgenic corn grain from plants sprayed with glufosinate-ammonium herbicides. Dietary nutrient inadequacies [36] [37] [38] or the presence of antinutritional factors [39] [40] [41] may affect the liver and kidney yields of broilers. The organ yield results in this study are consistent with those of previous studies, in which no biologically significant differences in organ yields were observed between broilers fed diets prepared with transgenic corn grain [13, 35] or feed fractions [42, 43] and those fed diets with corn grain or feed fractions from nontransgenic controls.
CONCLUSIONS AND APPLICATIONS
1. Growth performance measures, and organ, carcass, and individual parts yields of broilers fed diets containing transgenic corn grain 1507x59122x-MON810xNK60 (from unsprayed or sprayed plants) were similar to the respective values for broilers fed diets formulated with nontransgenic corn grains. 2. The analyzed nutrient composition of transgenic corn grain 1507x59122x-MON810x NK603 (from unsprayed or sprayed plants) was similar to that of its nontransgenic near-isogenic control and to nontransgenic commercially available hybrids.
3. In this study, it was demonstrated that corn grain obtained from plants containing the stacked-trait product 1507x59122xMON810xNK603 with combined insect resistance and herbicide tolerance is nutritionally equivalent to grain obtained from nontransgenic plants. ( except mortality) was Y ij = U + T i + B j + e ij , where Y ij is the observed pen response, U is the overall mean, T i is the treatment effect, B j is the random block effect, and e ij is the residual error. DIST = Gaussian option was used in the model statement for all growth performance traits (except mortality). The model used for mortality data was logit(Y ij /N ij ) = U + T i + B j + e ij , where Y ij is the observed number of dead animals within a pen, N ij is the total number of animals within a pen, logit is the logit link function commonly used for the binomial generalized linear mixed model, U is the overall mean, T i is the treatment effect, B j is the random block effect, and e ij is the residual error. DIST = Binomial option was used in the model statement and "logit" link was a default link for mortality data. The model used for organ and carcass data analysis was Y ijk = U + T i + B j + G k + (TG) ik + e ijk , where Y ijk is the observed bird response, U is the overall mean, T i is the treatment effect, B j is the random block effect, G k is the sex effect, (TG) ik is the treatment × sex interaction, and e ijk is the residual error. A covariance structure of compound sym- where μ is the estimated grand mean of reference data; σ Total is the sum of all estimated variance components in the reference data; N is the total number of observations in the combined data set; df is the Satterthwaite-approximation degrees of freedom for σ Total
2
; z 1 2 −γ/ is the 100(1 − γ/2) percentile of the standard normal distribution; t z N df ;1 1
is the 100(1 − α/2) percentile point of a noncentral t-distribution with df degrees of freedom and the noncentrality parameter z N
